METHOD FOR INSPECTING AN OBJECT

FIELD
[0001] The present disclosure relates to a method foertspy an object, such as
a method for inspecting a gas turbine engine pnigua visual image recording

device.

BACKGROUND
[0002] Known methods of inspecting an object include the of a visual image
recording device, such as a camera, to generateranere inspection images and the
use of a 3D model of the object. In such a marthese known inspection methods
generally require access to the 3D model of theathp order to complete the

inspection.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] A full and enabling disclosure, including the begide thereof, directed to
one of ordinary skill in the art, is set forth letspecification, which makes reference
to the appended figures, in which:
[0004] FIG. 1A is a perspective view of a three-dimensi¢8B) model of an
object and a virtual visual image recording dewcaccordance with an exemplary
embodiment of the present disclosure.
[0005] FIG. 1B is a perspective view of the 3D model @& tiject and the virtual
visual image recording device of FIG. 1A in accorcawith an exemplary
embodiment of the present disclosure.
[0006] FIG. 1C is a perspective view of the 3D model @f dtivject and the virtual
visual image recording device of FIG. 1A in accorawith an exemplary
embodiment of the present disclosure.
[0007] FIG. 2 is a portion of a guide image pixel arrayaatordance with an
exemplary embodiment of the present disclosure.
[0008] FIG. 3Ais a table displaying a plurality of pix@ioperties for the guide
image pixel of FIG. 2 in accordance with an exempénbodiment of the present

disclosure.



[0009] FIG. 3B is a table displaying pixel properties floe guide image pixel of
FIG. 2 in accordance with an exemplary embodiméthe present disclosure.
[0010] FIG. 4 is a visual depiction of an algorithm toetetine one or more pixel
properties for a guide image pixel in accordandh an exemplary embodiment of
the present disclosure.

[0011] FIG. 5is a visual depiction of an algorithm toetetine pixel properties
for a guide image pixel in accordance with an edamyeembodiment of the present
disclosure.

[0012] FIG. 6 is a visual depiction of an algorithm toetetine pixel properties
for a guide image pixel in accordance with an edanygembodiment of the present
disclosure.

[0013] FIG. 7 is a visual depiction of an algorithm toetetine pixel properties
for a guide image pixel in accordance with an edanygembodiment of the present
disclosure.

[0014] FIG. 8 is a simplified image depicting the 3D modgthe object of FIG.
1A in accordance with an exemplary embodiment eftfesent disclosure.

[0015] FIG. 9is a flow chart diagram illustrating a madHor determining pixel
properties and creating a simplified image of an3@lel in accordance with an
exemplary embodiment of the present disclosure.

[0016] FIG. 10 is an inspection image of an object in adance with an
exemplary embodiment of the present disclosure.

[0017] FIG. 11 is a simplified image of the inspection geaf FIG. 10 in
accordance with an exemplary embodiment of thegpitedisclosure.

[0018] FIG. 12 is an inspection image pixel array of thgpection image of FIG.
10 in accordance with an exemplary embodiment®fptiesent disclosure.

[0019] FIG. 13 is a method for estimating an orientatibaroobject in
accordance with an exemplary embodiment of thegpitedisclosure.

[0020] FIG. 14 is a flow chart diagram illustrating a madHfor determining a
property of an object in accordance with an exemy@abodiment of the present

disclosure.



[0021] FIG. 15 is an inspection image with a portion a thspection image pixel
array of FIG. 12 designated in accordance withxamgplary embodiment of the
present disclosure.

[0022] FIG. 16 is an inspection image with a portion @& thspection image pixel
array of FIG. 12 designated in accordance withxamgplary embodiment of the
present disclosure.

[0023] FIG. 17 is an inspection image with a portion @& thspection image pixel
array of FIG. 12 designated in accordance withxamgplary embodiment of the
present disclosure.

[0024] FIG. 18 is a flow chart diagram illustrating a mamdHor determining a
property of an object in accordance with an exempanbodiment of the present
disclosure.

[0025] FIG. 19 is a flow chart diagram illustrating a madHor storing an
inspection package of an object in accordance antexemplary embodiment of the
present disclosure.

[0026] FIG. 20 is a flow chart diagram illustrating a madifor comparing a first
property of an object with a second property ofdbgect in accordance with an
exemplary embodiment of the present disclosure.

[0027] FIG. 21 is a block diagram of a computing systeradoordance with an
exemplary embodiment of the present disclosure.

[0028] FIG. 22 is a block diagram of an inspection systemccordance with an

exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION
[0029] Reference will now be made in detail to present@tithents of the
disclosure, one or more examples of which aretified in the accompanying
drawings. The detailed description uses numeandlletter designations to refer to
features in the drawings. Like or similar desigmag in the drawings and description
have been used to refer to like or similar parthefdisclosure.
[0030] The word “exemplary” is used herein to mean “seg\as an example,
instance, or illustration.” Any implementation dabed herein as “exemplary” is not

necessarily to be construed as preferred or adyeots over other implementations.



Additionally, unless specifically identified othese, all embodiments described
herein should be considered exemplary.

[0031] The terms “coupled,” “fixed,” “attached to,” andethike refer to both
direct coupling, fixing, or attaching, as well aslirect coupling, fixing, or attaching
through one or more intermediate components ouffest unless otherwise specified
herein.

[0032] As used herein, the terms “first”, “second”, ankifl” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents.

[0033] The singular forms “a”, “an”, and “the” include pal references unless
the context clearly dictates otherwise.

[0034]  Approximating language, as used herein throughwispecification and
claims, is applied to modify any quantitative reggetation that could permissibly
vary without resulting in a change in the basicction to which it is related.
Accordingly, a value modified by a term or terms;ls as “about”, “approximately”,
and “substantially”, are not to be limited to threg@se value specified. In at least
some instances, the approximating language magsymond to the precision of an
instrument for measuring the value, or the prenisibthe methods or machines for
constructing or manufacturing the components argl/stems. For example, the
approximating language may refer to being withih &, 4, 10, 15, or 20 percent
margin. These approximating margins may applydmgle value, either or both
endpoints defining numerical ranges, and/or thegindor ranges between endpoints.
[0035] Here and throughout the specification and claigsge limitations are
combined and interchanged, such ranges are icahtfid include all the sub-ranges
contained therein unless context or language itekoatherwise. For example, all
ranges disclosed herein are inclusive of the emdpoand the endpoints are
independently combinable with each other.

[0036] The inventors of the present disclosure have fdabatit may be

beneficial to be able to inspect an object withadess to the 3D model of the object.
Improved inspection methods would be welcomed énfigld of component

inspection.



[0037] In accordance with one or more embodiments desttibeein, a method
for inspecting an object is provided. The methududes determining guide image
data of the object from a determined orientatibe,guide image data including a
guide image pixel array and a pixel property foleast one guide image pixel in the
guide image pixel array. The method also inclugesiving inspection image data
indicative of an inspection image. The method aistudes associating the
inspection image data with the guide image datadatelmining a property of the
object based on the guide image data and the assdanspection image data.
Determining the property of the object based omgilide image data and the
associated inspection image data has several tenefi

[0038] First, determining the property of the object bagedhe guide image data
and the associated inspection image data may rhakesible to inspect the object
without the use of a 3D model of the object, eafjer having determined guide image
data for the object. For example, and as will ésecdbed in more detail, guide image
data can be determined from the 3D model for aroheed orientation of the object.
Once the guide image data is determined, the 3Dehsdo longer needed to
determine the property of the object. As suchuifle image data is determined, the
object can be inspected without using, viewingstaring the 3D model of the object.
[0039] Inspecting the object without using, viewing, oaghg the 3D model of
the object has several benefits. For examplaenfoemation within the 3D model
may be proprietary information that is undesirabléisclose to third parties, such as
a user that is inspecting the object. Also, certauntries may have export
compliance laws that may prohibit the export of 3ilemodel outside of the country
without an export license. However, it may be ataele to share guide image data,
which is information related to the 3D model of tigect.

[0040] Second, determining the property of the object thasethe guide image
data and the associated inspection image dateedace the amount of time to
perform an inspection of an object. For exampleyvkminspection methods involve
overlaying inspection images onto 3D models andualiynmatching features
between the inspection images and the 3D modelsh 8verlaying, comparison, and

matching directly to the 3D model may be very ticoasuming. A such, determining



the property of the object based on the guide intge and the associated inspection
image data can reduce the amount of time to perésrimspection.

[0041] In accordance with one or more embodiments desthkeein, a method
for inspecting an object is provided. The methuzdudes determining inspection
image data, the inspection image data includinmgpection image pixel array with
each inspection image pixel in the inspection imaigel array having a pixel
property associated therewith. The method alsaded receiving a user input
associated with a continuous segment of inspeatiage pixels in the inspection
image pixel array. The method also includes det@nygia property of the object
based on the pixel properties associated with éinéreuous segment of inspection
image pixels in the inspection image pixel arr®etermining the property of the
object based on the pixel properties associatdu twé received user input associated
with the continuous segment of inspection imagelgiin the inspection image pixel
array has many benefits.

[0042]  First, determining the property of the object basedhe pixel properties
associated with the received user input associaithcthe continuous segment of
inspection image pixels in the inspection imagespatray may have the benefit of
the ability to compare a property of the objecatinreshold value. For example, the
received user input may be associated with a feamran object. In some examples,
the feature can be damage to the object, suclti@lk or chip on the object or a
spalling location of a coating on the object. Asls it may be beneficial to measure
the feature to determine whether it is within aoegtable range. For example, cracks
under a certain length may be acceptable. Howevacks over a certain length may
require the object to be repaired or replaced.

[0043] Second, determining the property of the object thasethe pixel

properties associated with the received user iapsibciated with the continuous
segment of inspection image pixels in the inspeadtitage pixel array may have the
benefit of the ability to track and compare theaktmn or measurement of certain
features, such as damage to the object, betwelenatit objects. For example, the
object may be a rotor blade and the user input lbeagssociated with a crack on the
rotor blade. The determined property of the obpeay be the length of the crack and
the location of the crack on the rotor blade. rie or more other inspection events to



inspect other rotor blades, the user input may la¢sassociated with cracks on the
rotor blades and the determined property of theaibpay also be the length of the
crack and the location of the crack on the rotadbl The crack size and location of
cracks on different rotor blades can be analyzetetermine trends. For example, an
analysis may be performed that determines thatnibe likely location for a crack on
a rotor blade.

[0044] In accordance with one or more embodiments desthkeein, a method
for inspecting an object is provided. The methuzudes recalling a first inspection
package that includes a first inspection imagdefdbject and a first designation.
The method also includes receiving data indicative second inspection package
that includes a second inspection image of thecblajed a second designation. The
method also includes receiving, recalling, or botte or more properties maps of the
object. The method also includes determining & firsperty of the object based on
the first inspection image of the object, the onenore properties maps of the object,
and the first designation. The method also inclutitermining a second property of
the object based on the second inspection imagesaibject, the one or more
properties maps of the object, and the second mi&sy. The method also includes
displaying the first property and the second prgpand/or comparing the first
property with the second property.

[0045] In certain aspects, the method includes receivingaalling a first
properties map and receiving or recalling a seqgrogerties map. In such a case, the
method may determine the first property of the ofdpased on the first properties
map and similarly may determine the second prop#rtiie object based on the
second properties map.

[0046] In certain aspects, the method includes receivingaalling a second
properties map. In such a case, the method mayndetethe first property of the
object based on the second properties map andasiymhay determine the second
property of the object based on the second preseniap.

[0047] The method also includes displaying or comparimgfittst property with
the second property. Displaying or comparing trst property with the second
property has several benefits.



[0048]  First, displaying or comparing the first propertitmthe second property
may make it possible to inspect the object withtbetuse of a 3D model of the object.
For example, the first property is determined bamethe first or second properties
map of the object, and the second property is antgidetermined based on the first
or second properties map of the object. The firgperties map and the second
properties map can be determined from the 3D mindel determined orientation of
the object. Once the first and/or second propertiaps are determined, the 3D
model is no longer needed to determine the firsperty or the second property of the
object.

[0049] Inspecting the object without using, viewing, oaghg the 3D model of
the object has several benefits. For examplaenfoemation within the 3D model
may be proprietary information that is undesirabléisclose to third parties, such as
a user that is inspecting the object. Also, certauntries may have export
compliance laws that may prohibit the export of 3lemodel outside of the country
without an export license. However, it may be atakele to share pixel properties,
which is information related to the 3D model of tigect.

[0050] Second, displaying or comparing the first propevith the second
property may reduce the amount of time to perfonnmapection of an object. For
example, known inspection methods involve overlgyispection images onto 3D
models and manually matching features betweem#pection images and the 3D
models. Such overlaying, comparison, and matctiregtly to the 3D model may be
very time consuming. As such, because the firgbgnty and the second property are
determined based on the first properties map obbject or the second properties
map of the object, and not the 3D model, compatiedirst property with the second
property may reduce the amount of time to perfonnmapection.

[0051]  Third, displaying or comparing the first propertitmthe second property
may allow the measurement of a feature on an objemttime. In some examples,
the feature can be damage to the object, suclti@lka or chip on the object or a
spalling location of a coating on the object. Asls it may be beneficial to measure
the size of the feature to determine whethenwiikin an acceptable range. For
example, cracks under a certain length may be &alolep Additionally, it may be
beneficial to measure the feature at two diffepants in time, such as two different



points in time that are at least three months agaitup to twenty years apart, to
determine whether the feature is growing and ptajden the feature will grow to
exceed an acceptable size. In yet another exatheléeature, such as a crack, can be
measured and compared on different objects sattrahd analysis can be performed.
For example, it may be useful to analyze the datietermine the most likely location
of a crack or the most likely size of a crack.

[0052] Fourth, in some examples, determining the firspprty of the object and
the second property of the object are both basdatie@second properties map of the
object. This may ensure an apples-to-apples casgueof the first property with the
second property. This may be important when aordhgn to determine the first
properties map differs from an algorithm to deterenthe second properties map.
Because algorithms may change over time due tonggations or improvements to
the algorithm, the first properties map may diffem the second properties map.
Because the first properties map may differ fromgbcond properties map, it may be
beneficial to redetermine the first property witle second properties map of the
object (using the first inspection image and fassignation) to ensure an apples-to-
apples comparison to the second property. Notabljis scenario, the 3D model is
not needed.

[0053] Referring to the drawings, wherein identical nurfeenadicate the same
elements throughout the figures, FIG. 1A providegspective view of a three-
dimensional (3D) model 200 (also referred to asariputer model”) of an object
100 and a virtual visual image recording device 23@ccordance with an exemplary
embodiment of the present disclosure. As usedrheamr “object” can be a
component, a portion of a component, an assematyintbludes a plurality of
components, or a portion of an assembly. Even thetigwn as a black and white
drawing in the figures, it should be understood tha 3D model 200 may be a
shaded 3D model, such as a 3D model 200 with asgadg color scheme, to provide
additional visual details, such as the curvatuféde@component. In one example,
the 3D model 200 can be created with the use an®Deling software. For example,
the 3D model 200 can be created with computer-aiiéstgn (CAD) software. In
another example, the 3D model 200 can be creat@&Dlscanning a real-world
object, such as a control object. A control obgt be a specimen with known



dimensions and/or qualities. The virtual visuaaga recording device 230 can
represent any suitable imaging device including @ptycal sensor capable of
capturing still or moving images, such as a canfeugable types of cameras may be
a CMOS camera, a CCD camera, a digital cameralesm\damera or any other type
of device capable of capturing an image. It ishfertcontemplated that a borescope
camera or an endoscope camera can be utilizedhdrgtill, the visual image
recording device may be a monocular camera or@chlar camera.

[0054] The 3D object 100 may be positioned in a “posdtamt of the virtual
visual image recording device 230. More specifigdhe 3D object 100 may be
positioned in a determined orientation. As usea@ine“orientation” refers to the
physical position of an object 100. For exampbiéntation” can refer to the relative
position of one object 100 relative to another obj0. For example, as used in
reference to FIG. 1A, the determined orientatidarseto the relative physical
position of the 3D object 100 relative to the vaituisual image recording device 230.
Alternatively, or in addition, “orientation” canfe to the six degrees of freedom
positioning—position on the X-axis (surge), positan the Y-axis (sway), position
on the Z-axis (heave), tilt on the X-axis (roli}t on the Y-axis (pitch), and tilt on the
Z-axis (yaw).

[0055] Referring to FIG. 1B, a perspective view of the®Ddel 200 of the object
100 and the virtual visual image recording devig8 &f FIG. 1A is provided in
accordance with an exemplary embodiment of theeptedisclosure. As shown, a
plurality of rays 235 may be cast from a locatissaiated with the virtual visual
image recording device 230. Even though a viniglal image recording device 230
is depicted, it should be understood that a vinislal image recording device 230 is
not required. For example, the rays 235 coulddst from a specific point 232 that is
in a particular location relative to the object 100

[0056] Referring to FIG. 1C, a perspective view of ther@bdel 200 of the object
100 and the virtual visual image recording devig88 &f FIG. 1A is provided in
accordance with an exemplary embodiment of theeptedisclosure. The plurality of
rays 235 (FIG. 1B) that are cast onto the objebtdi@ate an array of guide image
pixels 251, a guide image pixel array 250. Eacthefguide image pixels 251 are
subdivisions of the surface of the object 100 #ratcreated by the rays 235. It
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should be understood that the size of each of uidegmage pixels 251 are
exaggerated for clarity in the figures. For examphe guide image pixels 251 can
range in size from about .05 millimeter to aboumi8imeters.

[0057] As seen in this view, at least some, and sometathesf the guide image
pixels 251 may be irregular shapes such that theg kides and angles of any shape
and size. Also, the shape and size of the sidésagles may differ among the guide
image pixels 251 of the guide image pixel array. 5§y example, the shape of each
of the guide image pixels 251 may be dependenheiocation and shape of the
surface of the object 100 that the correspondigg 285 are cast upon.

[0058] Referring to FIG. 2, a portion of a guide imagegbiarray 250 is provided
in accordance with an exemplary embodiment of teegnt disclosure. The guide
image pixel array 250 can include a plurality ofdguimage pixels 251. Even though
only nine guide image pixels 251 are shown in viesv, the guide image pixel array
250 can include any number of guide image pixels Z=or example, the guide
image pixel array 250 can include more than fivedrad thousand guide image
pixels 251, such as more than one million guidegiengixels 251, such as more than
two million guide image pixels 251, and up to on@dired million guide image pixels
251. The number of guide image pixels 251 withim guide image pixel array 250
may be dependent on a variety of factors such erspusferences, computing power,
screen resolution, size of the object 100, casttioo of the rays 235, and/or the
number of rays 235.

[0059] Each guide image pixel 251 within a guide imagespatray 250 can have
another guide image pixel 251 that is adjacent, iwwhich is an adjacent guide image
pixel 253. An adjacent guide image pixel 253 guale image pixel 251 that shares a
common side with another guide image pixel 251.s@mple, in the example of
FIG. 2, guide image pixel 251", which is guide ireggxel B2 (column, row

location), has eight adjacent guide image pixe& 28, A2, A3, B1, B3, C1, C2, and
C3 (column, row location).

[0060] Referring to FIG. 3A, a table 260 displaying a plity of pixel properties
252 for guide image pixel 251’ of FIG. 2 is proviti@ accordance with an exemplary
embodiment of the present disclosure. In particiitet the embodiment of FIG. 3A,
the table 260 is a plurality of pixel propertie236r guide image pixel 251" at
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location B2 in FIG. 2. One or more pixel propestigs2 for at least one of the guide
image pixels 251 within the guide image pixel ar2&)p can be determined. In some
examples, one or more pixel properties 252 for ed¢he guide image pixels 251
within the guide image pixel array 250 can be deieed. A “properties map”, as
used herein, refers to the one or more pixel ptogseR52 for the at least one of the
guide image pixels 251 within the guide image paweay 250 for an object 100. The
pixel property 252 can be determined by, for examngéciding, calculating,
estimating, or measuring. As will be explainednare detail, a pixel property 252
can be information that relates to the guide imagel 251. For example, a pixel
property 252 can be a dimension, a distance, déi¢oga feature, a color, a surface
inclination, a categorization, a threshold valueriicality, etc. When the pixel
property 252 is a distance, the distance can h&chdian or a Geodesic distance.
When the pixel property 252 is a distance or a dsian, the measurement,
calculation, or estimation can account for the togy of the 3D object 100. The
pixel property 252 can be a numerical value, avaide, a binary value, a
guantitative value, a qualitative value, a categgdvalue, a symbolic value, or a
combination thereof, to name a few examples. imesexamples, a pixel property
252 for a guide image pixel 251 may not be avadablexist. When a pixel property
252 is not available or does not exist, the pixepprty 252 may be represented as a
‘0’ or as ‘Nan’, for example. While it is describ&érein that a pixel property is
determined for each of the guide image pixels 2%5idli be understood that this need
not be the case. Pixel properties can be deterniorexhy set of the guide image
pixels 251 including only a single guide image pikarther still it will be

understood that pixel properties can be determioed subset of the guide image
pixels and that such guide image pixels need naidijgcent.

[0061] In this example, the pixel properties 252 are abdistances 263. The set
of distances can be the distance from a guide impagt 251 to adjacent guide image
pixels 253. The distance 263 can determined lbgutation, estimation, or
measurement. In this example, the distance 268nsthe center of guide image
pixel 251" at location B2 to the center of eachaadnt guide image pixel 253 (pixels
at locations A1-A3, B1, B3, and C1-C3). As suchthe embodiment of FIG. 3A, the
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pixel properties 252 for guide image pixel 251laation B2 includes eight
distances.

[0062] Referring to FIG. 3B, a table 260 displaying adufiil pixel properties

252 for guide image pixel 251’ at location B2 o572 is provided in accordance
with an exemplary embodiment of the present disgchas In this example, the object
100 is a rotor blade for a gas turbine engine hagtxel properties 252 for guide
image pixel 251’ can include other information atal The area, surface inclination,
and surface color of guide image pixel 251’ carnotuded in the pixel properties
252. The angle and length of the ray 235 to timereof the guide image pixel 251’
can be included in the pixel properties 252. Addélly, information regarding
whether guide image pixel 251’ includes a cooliotetof the rotor blade, and the
location of the guide image pixel 251’ can be ided in the pixel properties 252. For
example, when the object 100 is a rotor blade fgasaturbine engine, the location
can be categorized as a leading edge, a trailigg ad airfoil, a platform, etc. Other
calculations, estimations, or measurements canb&socluded in the pixel properties
252. For example, distances from various locatafrguide image pixel 251’ to other
various locations of guide image pixel 251" arduded in the pixel properties 252, in
this example. Even though only a few examplesatd that can be included in the
guide image pixel properties 252 have been providathould be understood that
other data can be included in the guide image prsaberties 252. For example, the
angle of each of the corners, the angle of th&8%/to each of the corners, the angle
of the ray 235 to the middle of each side, theadis¢ 263 from each of the corners,
etc.

[0063] Referring to FIG. 4, a visual depiction of an aljon 259 to determine
one or more pixel properties 252 for a guide impigel 251 is provided in
accordance with an exemplary embodiment of theeptedisclosure. As used herein,
“algorithm” refers to a set of instructions to amle a particular goal. For example,
there could be various ways to achieve the godetdrmining distances between one
guide image pixel 251 and another guide image [(#%&l The algorithm to achieve
the goal of determining distances between guidgémxels 251 may be a specific

set of instructions on how to determine the distarimetween guide image pixels 251.
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[0064]  Referring still to FIG. 4, a pixel property 252 da@ a set of distances 263,
which can be determined, as mentioned. For exartimeset of distances 263 can be
the distance 263 from a guide image pixel 251g@djacent guide image pixels 253.
In the example of FIG. 4, a distance 263 is catedlaestimated, or measured from
the center of the guide image pixel 251 to eadh@fadjacent guide image pixels
253. The distances, represented as the stramghtiat goes from the center of the
guide image pixel 251 to the center of the adjagerde image pixel 253, may be
stored as a numerical value in a table 260, sutheatbles 260 of FIG. 3A or FIG.
3B.

[0065] Referring to FIG. 5, a visual depiction of an algjon 259 to determine
pixel properties 252 for a guide image pixel 25frigvided in accordance with an
exemplary embodiment of the present disclosure eNdpecifically, an algorithm 259
to determine a set of distances 263 is providextaordance with an exemplary
embodiment of the present disclosure. In this gtapa distance 263 may be
calculated, estimated, or measured from the ceftde guide image pixel 251 to the
closest region of the adjacent guide image pix8l 2his can be repeated for each
adjacent guide image pixel 253 to determine afséistances 263. The distance 263,
represented as the straight line that goes fronsehter of the guide image pixel 251
to the closest region of the adjacent guide imagel$253, may be stored as a
numerical value in a table 260, such as the taifl€4G. 3A or FIG. 3B.

[0066] Referring to FIG. 6, a visual depiction of an algjon 259 to determine
pixel properties 252 for a guide image pixel 25frisvided in accordance with an
exemplary embodiment of the present disclosure eNdpecifically, an algorithm 259
to determine a set of distances 263 is providextaordance with an exemplary
embodiment of the present disclosure. In this gtapa distance 263 may be
calculated, estimated, or measured from a firsacajt guide image pixel 253a to a
second adjacent guide image pixel 253b of the gandge pixel 251 by making a
straight-line from a middle of a side or a cornka dirst adjacent guide image pixel
253a, through the guide image pixel 251, and todali® of a side or a corner of a
second adjacent guide image pixel 253b. This caeeated for each adjacent guide
image pixel 253 to determine a set of distances.ikel properties 252, which are
the distances 263 represented as the straightthaésraverse through the guide

14



image pixels 251, may be stored as numerical vafuagsable 260, such as the tables
of FIG. 3A or FIG. 3B.

[0067] Referring to FIG. 7, a visual depiction of an aljon 259 to determine
pixel properties 252 for a guide image pixel 25frigvided in accordance with an
exemplary embodiment of the present disclosure eNdpecifically, an algorithm 259
to determine a set of distances 263 is providextaordance with an exemplary
embodiment of the present disclosure. In this gtaima distance 263 may be
calculated, estimated, or measured from a firsscajt guide image pixel 253a to a
second adjacent guide image pixel 253b of the gundge pixel 251 by making the
shortest, straight-line path from the first adjaaguide image pixel 253a to the center
of the guide image pixel 251 and then the shorsdstight-line path from the center
of the guide image pixel 251 to the second adjageitte image pixel 253b. This can
be repeated for each adjacent guide image pixet@88termine a set of distances.
The pixel properties 252, which are the distan&sr2presented as the straight lines
that traverse through the guide image pixels 25, be stored as numerical values in
a table 260, such as the tables of FIG. 3A or BE:.

[0068]  As will be appreciated further from the discusdi@nein below, one or
more of the above algorithms 259 may be used &rigdrte a distance or area on an
inspection image in response to a user input sefeessociated with a continuous
segment of inspection image pixels. Notably, howewveorder to utilize the pixel
properties 252 of the guide image pixels 251 ofghiele image, the inspection image
may need to be associated with the guide imagacibtate use of the pixel properties
252 of the guide image pixels 251 in responsedauter input. Such aspects are
described in more detail below.

[0069] Referring now to FIG. 8, a simplified image 210 id&pg the 3D model
200 of the object 100 of FIG. 1A is provided in @ac@ance with an exemplary
embodiment of the present disclosure. As shownsithelified image 210 may be a
two-dimensional (2D) line drawing of the 3D mod@b2n the determined
orientation. In other examples, the simplified im&4.0 is a 2D image that
realistically depicts the 3D model 200. For examifthe simplified image 210 may be
a 2D grayscale image or a 2D colored image. laast one example, the simplified
image 210 is an image that is made to appear sopbhotograph of the object. For
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example, the simplified image 210 may have the sanseémilar appearance, style,
color, shading, etc. as a photograph of the objdw.simplified image 210 may
depict only key features 220. Key features 220 b@the most relevant and/or
prominent features. For example, and referrintpéoexample of FIG. 8, which
provides a simplified image 210 of the 3D model 20€he rotor blade of FIG. 1A,
the simplified image 210 may include lines thatresent the outside perimeter 220a,
the shape of the tip 220b, the shape of the bladopn 220c, and the dovetail root
end 220d. However, other features can be repmsesiich as cooling holes. As will
be explained in more detail, creating a simplifi@ége 210 can assist in determining
an orientation of an object 100 and correlatingepproperties 252.

[0070] Referring to FIG. 9, a method 300 for determinimgepproperties 252 and
creating a simplified image 210 of a 3D model 20@rovided in accordance with an
exemplary embodiment of the present disclosure.niéiod 300 can include a step
310 of creating a 3D model 200 of an object 108 determined orientation. The
method 300 can include a step 320 of creating degunage pixel array 250. The
method 300 can include a step 330 of determinipyel property 252 for at least one
guide image pixel 251 in the guide image pixelya@a0 (a properties map).
Properties can include but are not limited to, disienal properties, area properties,
depth information, etc. The method 300 can incladéep 340 of creating a simplified
image 210 of the 3D model 200 in the determinedndation. In some examples,
method 300 does not include step 340. As willXy@aned further, steps of other
methods can be performed with the 3D model inditne simplified image 210 of
the 3D model 200. Also, the timing of step 34@as$ affected by the timing of when
the other steps of method 300 are performed.

[0071] Method 300 can be repeated numerous times. Fon@gait may be
beneficial to perform method 300 for various deteead orientations of the 3D model
200. For example, method 300 can be repeated twothundred times, for example,
fifty to one-hundred fifty times, each for a diféet determined orientation of the 3D
model 200. Therefore, for each determined oriesriaif the 3D model 200, one or
more pixel properties 252 for at least one guidagenpixel 251 in the guide image
pixel array 250 can be determined. Also, for edetermined orientation of the 3D
model 200, a simplified image 210 of the 3D mod#) &f the object 100 can be
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created in the determined orientation. As will Bplained later, the determined
orientation can be associated with the 3D mode| 2@0dmplified image 210 of the
3D model 200, or an inspection image.

[0072] The determined orientation of each of the varicetenined orientation
may vary slightly. For example, the various deieed orientations may vary by up
to 2 mm on the X-axis, Y-axis, and/or Z-axis andiithin 2 degrees for tilt on the X-
axis, Y-axis, and Z-axis.

[0073] Referring to FIG. 10, an inspection image 400 obhject 100 is provided
in accordance with an exemplary embodiment of tleegnt disclosure. The
inspection image 400 may be a picture of an oldje6t which in this example is a
real-world object. The inspection image can be pced with a visual image
recording device such as the visual image recordawice 230 previously described.
Inspection image data indicative of the inspectinage may be generated.
Inspection image data may include the inspecticage00, the capture date (the
date or date and time the inspection image 400geasrated), the number of cycles,
the number of hours in operation, the location whhbe inspection image 400 was
generated, an identification of the object 100 urmagpection, an identification of the
user that was operating the visual image recordewjce when the inspection image
400 was generated, the positioning of the visualgerecording device when the
inspection image 400 was generated, etc.

[0074]  The visual image recording device may be a compaofean inspection
tool assembly. The inspection tool assembly carsathe operator with taking
photographs at a desired orientation. Therefoeepttture, such as the picture of
FIG. 10, can be taken at a desired orientationwéder, variations of the orientation
of the image in relation to the visual image reaogdievice may exist due to various
factors. The various factors may be tolerances) a8 component tolerances,
assembly tolerances, and installation toleranae’pa mechanical wear in the
inspection tool assembly. As such, the actuahtaigon of the object 100 in relation
to the visual image recording device may deviatenfthe desired orientation.

[0075] In some examples, a “stream” of inspection imad@¥} duch as pictures
of a real-world object, can be created. For examphen the real-world object is a
rotor blade for a gas turbine engine, the rototesyson which the rotor blade is
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installed can be rotated while a series of pictarestaken with, e.g., a borescope
camera, creating the stream of pictures. In sarstances, the inspection tool
assembly may include a mounting structure configiioemount the borescope
camera to the gas turbine engine and through atampe opening (or other opening)
to facilitate the borescope camera taking pictoféabe components (e.g., the rotor
blades), from a consistent position and orientabietween multiple inspections of the
same engine, as well as from a consistent posatahorientation between multiple
inspections of different engines of the same oilammodel.

[0076]  As will be explained in greater detail, the picttinat most closely matches
the orientation of a 3D model 200 or a simplifiethge 210 of a 3D model 200 can
be selected for further analysis.

[0077] In some examples, the picture can be corrected eXxample, the picture
may be corrected for any optical distortions tooadt for lens and manufacturing
variation for the visual image recording device/andor the inspection tool
assembly. Additionally, or alternatively, the pict can be corrected to account for
relatively minor inconsistencies in the orientatadrthe object in the picture relative
to the orientation of the 3D model 200 or the sifigd image 210 of a 3D model
200.

[0078] Referring to FIG. 11, a simplified image 410 of thepection image 400
of FIG. 10 is provided in accordance with an exempembodiment of the present
disclosure. In this example, the simplified imad® 4s displayed as a line drawing
and the object 100 is a rotor blade for a gas merkengine. In other examples, the
simplified image 410 of the object 100 may be ag28yscale image or a 2D colored
image. For example, the simplified image 410 caa lphotograph of the object 100.
[0079] The simplified image 410 may depict key feature8.4Rey features 420
may be the most relevant and/or prominent featuFes.example, the key features
420 may be the outside perimeter 420a of the sfiraglimage, the shape of the tip
420Db, the blade platform 420c, or the abutment 4#QHe rotor blade with an
adjacent rotor blade. However, other featuresbearepresented, such as cooling
holes in a non-limiting example.

[0080] Filters, such as a Canny edge detection filter 8olel filter may be
applied to the picture to assist in extractingkbg features 420. However, other
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machine learning, such as deep learning-based s¢gtioa techniques, can be used
to provide a learned representation of the featilv&isare most prominent.

[0081] Referring to FIG. 12, an inspection image pixeag50 of the inspection
image 400 of FIG. 10 is provided in accordance aitrexemplary embodiment of
the present disclosure. As shown, the inspecti@ge 400 of the object 100 can be
subdivided into inspection image pixels 451, creatn inspection image pixel array
450. In another example, the simplified image 4fithe object 100 can be
subdivided into an array of inspection image pix&4, forming an inspection image
pixel array 450. It should be understood that the sf each of the inspection image
pixels 451 are exaggerated for clarity in the fegur Each inspection image pixel 451
can be any size and there can be any number cgahiep image pixels 451 within

the inspection image pixel array 450. The numbengpection image pixels 451
and/or the size of each of the inspection imagelpi#51 may be dependent on the
size and/or resolution of the inspection image #3will be explained in more
detail, the inspection image pixel array 450 andispection image pixels 451 can be
associated with a guide image pixel array 250 argliae image pixels 251.

[0082] Referring to FIG. 13, a method 500 for estimatingpdaentation of an
object 100 is provided in accordance with an exanmyptmbodiment of the present
disclosure. The method 500 can include a stepobdOtaining an inspection image
400 of an object 100, such as the object 100 of EGG The method 500 can include
a step 520 of creating a simplified image 410 efittspection image 400, such as the
simplified image 410 of FIG. 11. The method 500 o&lude a step 530 of
estimating an orientation of the object 100. Iteast one example, the method 500
includes steps 510, 520, and 530. In other exanfiie method 500 does not include
step 520, but includes steps 510 and 530.

[0083] The orientation of the object 100 may be estimaiethputting the
inspection image 400 or the simplified image 41thefobject 100 into a pose
recovery regression, which may be a machine legnmétwork, such as a deep
learning network. This network can be trained wihthetic data and can estimate
the orientation of the real-world object basedlm2D inspection image 400 of the
object 100 and/or the simplified image 410 of thgpeection image 400. The
synthetic data may be a plurality of training imageth known extrinsic data. For
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example, the synthetic data may be a pluralityaihing images that have known,
determined orientations. The training images magimplified images 210, which
can be 2D images that realistically depict the 3@eit 200 or a 2D image that only
shows key features 220 of the 3D model 200. Ineseramples, the training images
are images that are made to appear to be inspectames 400. For example, the
training images may have the same or similar apypear, style, color, shading, etc. as
inspection images 400.

[0084]  The orientation of the object 100 may be estimatetmatching” the
inspection image 400 of the object 100 or the siineplimage 410 of the object 100
to a simplified image 210 of a 3D model 200. Fxaraple, as mentioned, numerous
simplified images 210 of a 3D model 200 can betexgaeach depicting the 3D model
200 in a different, determined orientation. Thaified image 410 or the inspection
image 400 can be compared to one or more of theliiea images 210 of the 3D
model 200. The simplified image 210 of the 3D mM@&M® that best matches the
simplified image 210 of the 3D model 200 can beseimy either by a human or by a
computing system. The orientation of the obje& &¢én then be estimated to be the
same as, or similar to, the determined orientatfathe 3D model 200 of the chosen
simplified image. For example, the estimated dagon of the object 100 can be
estimated to be within a certain tolerance of teeexnined orientation of the 3D
model 200 of the chosen simplified image. Theaterolerance could be, for
example, within 3 mm on the X-axis, Y-axis, andxdsaand within 5 degrees for tilt
on the X-axis, Y-axis, and Z-axis. When the detegd orientation of the 3D model
200 is based on a 3D scan of a control objecttiadai tolerances could be
accounted for due to potential tolerances inhdxettte 3D scanning machine and/or
tolerances of the control object.

[0085] In at least one example, the inspection image 4@Beosimplified image
410 of the inspection image 400 may be transfornidee inspection image 400 or
the simplified image 410 of the inspection imag® Atay be transformed to correct
for residual differences between the simplified gm&10 of the 3D model 200 and
the inspection image 400 or the simplified imag®é dfL.the inspection image 400.
Transforms can include linear and rotational offseale, shear, pinch/punch,
distortion, tombstone correction, etc. The trams®may decrease the differences
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between the simplified image 410 of the inspectmage 400 and the simplified
image 210 of the 3D model 200, or may decreasdiffexences between the
inspection image 400 and the simplified image 2flithe 3D model. The
transformations can occur before or after beingcheat to the simplified image 210
of the 3D model 200.

[0086] Transform data may be generated to document themnaad location of
transforms that were made to reduce the residtfaleinces between the simplified
image 210 of the 3D model 200 and the inspecticaage00 or the simplified image
410 of the inspection image 400. For example sfiam data may be quantitative
values and/or qualitative values that describerdngsform. The transform data can
include six degree of freedom orientation transriiransform data may include
information indicative of an inspection image 4@fative to the determined
orientation associated with the guide image data@bbject 100. For example, the
transform data may include information indicatiele six degrees of freedom
orientation corrections made to reduce the diffeesrbetween the simplified image
210 of the 3D model 200 and the inspection imadgeatGhe simplified image 410 of
the inspection image 400.

[0087] Generating transform data has several benefits eXxample, the
inspection image 400 or a subsequent inspectiogema0, such as a second
inspection image 400, may be transformed usingrémsform data at a later date or
time. Also, guide image data, can be transfornsguthe transform data.

[0088]  Pixel properties 252 that are created from a 3Deh2ad0 of an object 100
can be associated with the inspection image 40@ pixel properties 252 can be
associated based on the inspection image 400fdrared or non-transformed, the
simplified image 410 of the inspection image 408nsformed or non-transformed,
the estimated orientation of the inspection ima@@, #4r a combination thereof.
[0089] For example, and as earlier explained, an oriemtaif an inspection
image 400 can be determined by matching the ingpeirchage 400 of an object 100
or the simplified image 410 of an object 100 tonamified image 210 of a 3D model
200. The matched simplified image 210 of the 3at@00 can have an associated
guide image pixel array 250, each of the guide enaigels 251 having one or more
pixel properties 252. The guide image pixel a2&§, along with their pixel
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properties 252, can be associated with the ingpeatiage 400 of the object 100 or
the simplified image 410 of the object 100. Mopedfically, at least one of the
guide image pixels 251 of a simplified image 21&&D model 200 can be
associated with at least one inspection image gix&lof an inspection image 400 of
an object 100 or a simplified image 410 of an ab]€o.

[0090] In some examples, there is a 1:1 ratio of associdtetween guide image
pixels 251 and inspection image pixels 451. Howgeweanother example, there is an
uneven ratio such that it is not a 1.1 ratio. &mmple, more than one guide image
pixel 251 can be associated with one inspectiomemaxel 451. In another example,
more than one inspection image pixel 451 can becaged with one inspection
image pixel 451. An uneven ratio may be causelidyer resolutions or lower
resolutions of the visual image recording devicedu® generate the inspection image
450 as compared to the resolution of the simplifiredge 210 of the 3D model 200.
[0091] There are various ways of associating guide image$251 of a
simplified image 210 of a 3D model 200 with an iesiion image 400 of an object
100 or a simplified image 410 of an object 100. &mmple, the guide image pixels
251 can be “mapped” to corresponding inspectiorganaxels 451. For example, X,
Y coordinates for the boundaries of each of thelgimage pixels 251 of the
simplified image 210 of the 3D model 200 can beegated. X, Y coordinates for the
boundaries of each of the inspection image pix&lsef the inspection image 400 can
be generated. Because the inspection image 4@ simplified image 410, can be
“matched” to a simplified image 210 of the 3D mo#@0, the X, Y coordinates of the
inspection image 400 can be matched to the X,Ydinates of the simplified image
210 of the 3D model 200. In effect, the inspectiaage 400 can be “overlayed” with
the guide image pixels 251 of the simplified im@d€ of the 3D model 200.
Therefore, each of the guide image pixels 251 eaméapped, or associated with, a
corresponding inspection image pixel 451.

[0092] It should be noted that an inspection image pi%dl dan be of a different
size than the associated guide image pixel 251.example, the guide image pixel
251 may be larger than the inspection image pi%é&| 4elative to the object 100. As
such, two or more inspection image pixels 451 magdsociated with a guide image
pixel 251.
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[0093] In another example, the guide image pixels 25hefimplified image
210 of the 3D model 200 are “transferred” ontoitigpection image 400.
Information regarding the boundaries of each ofghiele image pixels 251 can be
stored within the inspection image 400. For examible information regarding the
boundaries of each of the guide image pixels 2Blbeastored as metadata of the
inspection image 400.

[0094] In yet another example, a table 260 correlatingdh¥ coordinates of the
inspection image 400 with the corresponding gumage pixel 251 of the simplified
image 210 of the 3D model 200 can be created.

[0095] Once guide image pixels 251 of a simplified ima® af a 3D model 200
are associated with an image of an object 100simalified image 210 of an object
100, the pixel properties 252 of each of the guidage pixels 251 can also be
associated with the image of the object 100 osthmplified image 210 of the object
100. For example, because each guide image ppdet@n have corresponding pixel
properties 252, the guide image pixels 251 alorth thieir pixel properties 252 can
be associated with the image of the object 100@®stmplified image 210 of the
object 100.

[0096] Referring to FIG. 14, a method 600 for determirangroperty of an object
100 is provided in accordance with an exemplary@ithent of the present
disclosure. The method 600 includes a step 6H@w@rmining guide image data of
an object 100 from a determined orientation. Guidgge data can include a guide
image pixel array 250 and a pixel property 252afoleast one guide image pixel 251
in the guide image pixel array 250 (a propertiepm&uide image data may also
include a simplified image 210 of the 3D model 20@he object 100. As earlier
explained, the guide image pixels 251, the pixepprties 252, and the simplified
image 210 of the 3D model 200 of the object 100klmoreated from a 3D model 200
of an object 100.

[0097] The method 600 includes a step 620 of receivindetermining inspection
image data indicative of an inspection image 40 ihspection image data can
include an inspection image 400 of the object BO§implified image 410 of the
object 100, an estimated orientation of the ol®€, an inspection image pixel array
450, or a combination thereof.
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[0098] The method 600 includes a step 630 of associdtegispection image
data with the guide image data. As explained etlaee various ways of associating
guide image pixels 251 of a simplified image 21@&D model 200 with an image of
an object 100 or a simplified image 410 of an ab]€o.

[0099] The method 600 includes a step 640 of determinimgpperty of the

object 100 based on the guide image data and sloeiated inspection image data.
As explained, once guide image pixels 251 of a Bfieg image 210 of a 3D model
200 are associated with an image of an object t@0somplified image 410 of an
object 100, the pixel properties 252 of each ofghiele image pixels 251 can also be
associated with the image of the object 100 ostimplified image 410 of an object
100. For example, the pixel properties 252 of ez#fdhe guide image pixels 251 in a
guide image pixel array can be associated withreesponding inspection image
pixel 451 in an array of inspection image pixel& 45

[00100] More specifically, one or more properties of thgeab100 can be
determined based on guide image data and the assbanspection image data for
each inspection image pixel 451 in an inspectioagenpixel array 450. As such, one
or more properties of the object 100 can be detexchi The one or more properties
of the object 100 can be any information includibgt, not limited to, dimension, a
distance, a location, a feature, a color, a surfadeation, a categorization, a quality,
a criticality, etc. When the property is a disianihe distance can be a Euclidian or a
Geodesic distance. When the property is a distanaedimension, the measurement,
calculation, or estimation can account for the togp of the object. The property
can be a numerical value, a text value, a binalyeya quantitative value, a
gualitative value, a categorical value, a symbwdiltie, or a combination thereof, to
name a few examples. Other calculations, estimstior measurements can also be a
property of the object.

[00101] Referring to FIG. 15, an inspection image 400 ittortion 700 of the
inspection image pixel array 450 of FIG. 12 desigdas provided in accordance with
an exemplary embodiment of the present disclosuré¢his example, seven of the
inspection image pixels 451 of the inspection impigel array 450 have been
designated. The inspection image pixels 451 catebgynated by a user. For
example, a user could designate one or more irnspaatage pixels 451 with a
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peripheral device. The peripheral device coul@ b@uch screen, a stylus, a mouse, a
rollerball, etc.

[00102] The inspection image 400 and the inspection imagd prray 450 can be
displayed to the user through a peripheral devidee peripheral device may be an
auxiliary device of a computing system that campldig an image to a user. For
example, the peripheral device may be a comput@itoreand may be a touch screen
monitor.

[00103] The user could designate a continuous segmentfih8pection image
pixels 451 of the inspection image pixel array 43@. used herein, a “continuous
segment” refers to a plurality of inspection img@gpeels 451 within an inspection
image pixel array 450 that are designated and adjdo at least one other designated
inspection image pixel. As used herein, “desigmdtrefers to the continuous
segment 710 of inspection image pixels 451 of tispection image pixel array 450
that is designated by a user or a computing systemn. example, a user could
designate one or more inspection image pixels 45dréwing a line 720, as shown.
The line 720 drawn by the user may also be displéaydhe user through the
peripheral device. The user could draw a strdight a curved line, a line having no
specific geometry or profile, or a combination &t The inspection image pixels
451 that the line 720 passes through can be deés@jnaeating a linear, continuous
segment 710 of inspection image pixels. The lineanfinuous segment 710 of
inspection pixels could represent a curved orgittdine 720. In regions that the line
720 is perpendicular to or parallel to the X-a¥i® line 720 can designate a portion
of the inspection image pixel array 450 that is pixel wide or one pixel tall. In
regions that the line 720 is oblique to or acutthtoX-axis, the line 720 can designate
a portion of the inspection image 400 that is asiewo pixels wide or at least two
pixels tall or one pixel wide and one pixel taflor example, in regions that the line
720 is at a 30 degree angle to the X-axis, thed@can designate a portion that is
one pixel tall and five pixels wide. As anotheample, in regions that the line 720 is
at a forty-five degree angle to the X-axis, the [#20 can designate a portion that is
one pixel wide and one pixel tall such that theneos of the pixels within the portion
have corners that are adjoined. Anti-aliasing m@shmay be used to account for
sub-pixel interpolation of user designations. &wample, anti-aliasing methods can
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be used to improve the appearance of the continsegrment 710 of inspection image
pixels 451 of the inspection image pixel array 450.

[00104] In another example, a computing system could dagéga continuous
segment 710 of inspection image pixels 451 of tispection image pixel array 450.
For example, the computing system could be tadugigugh machine learning, to
analyze the inspection image 400 to identify carkay features. These key features
may be automatically designated.

[00105] The user could designate a continuous, closed s#ge’ of inspection
image pixels 451. For example, one or more ingpednage pixels 451 could be
designated by drawing a line 720’ that encompagsesially or fully, an area of the
inspection image 400. The area of the inspectitage 400 that is encompassed,
partially or fully, by the line 720’ can be autoncally designated, creating a closed
segment 710’ of inspection image pixels 451.

[00106] Referring to FIG. 16, an inspection image 400 wittortion 700 of the
inspection image pixel array 450 of FIG. 12 desigdas provided in accordance with
an exemplary embodiment of the present disclostlihe inspection image pixels 451
can be designated the same or similarly as the geaembodiment of FIG. 15
However, in this example, the inspection image Ipaxeay 450 is not displayed to the
user.

[00107] Referring to FIG. 17, an inspection image 400 \ithortion 700 of the
inspection image pixel array 450 of FIG. 12 desigdas provided in accordance with
an exemplary embodiment of the present disclostlihe inspection image pixels 451
can be designated the same or similarly as the gea@mbodiment of FIG. 15.
However, in this example, neither the inspectioagmpixel array 450 nor the
designated portions 700 of the inspection imagel@ray 450 is displayed to the
user.

[00108] Referring to FIG. 18, a method 800 for determirangroperty of an object
100 is provided in accordance with an exemplary@ithent of the present
disclosure. Method 800 can include one or morthe®fteps of method 300, as
discussed above. For example, method 800 cardethe step 310 of creating a 3D
model 200 of an object 100 in a determined ori@mat The method 800 can include
the step 320 of creating a guide image pixel a2&(. The method 800 can include
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the step 330 of determining a pixel property 252atdeast one guide image pixel
251 in the guide image pixel array 250. The mei®@@d can include the step 340 of
creating a simplified image 410 of the 3D model #0the determined orientation.
[00109] Steps 310, 320, 330, and 340 can be repeated nusiemes. For
example, it may be beneficial to perform the stepyarious determined orientations
of the 3D model 200. For example, method 300 @arepeated up to ten-thousand
times, such as up to five-thousand times, suclpds one-thousand times, such as up
to two-hundred times, each for a different deteedinrientation of the 3D model
200. Therefore, for each determined orientatiothef3D model 200, one or more
pixel properties 252 for at least one guide imagel®251 in the guide image pixel
array 250 can be determined. Also, for each detemorientation of the 3D model
200, a simplified image 210 of the 3D model 20@hef object 100 can be created in
the determined orientation. The determined orienatf each of the various
determined orientation may vary only slightly. Example, the various determined
orientations may only vary by only up to 2 mm oa ¥raxis, Y-axis, and/or Z-axis
and/or within 2 degrees for tilt on the X-axis, Xis|a and Z-axis.

[00110] Method 800 can include one or more of the stepaaihod 500, as
discussed above. For example, method 800 cardethe step 510 of obtaining an
inspection image 400 of an object 100, such aslbect 100 of FIG. 10. Method
800 can include the step 520 of creating a singalifmage 410 of the inspection
image 400, such as the simplified image 410 of RIG. Method 800 can include the
step 530 of estimating an orientation of the obj@f. As explained, the orientation
of the object 100 may be estimated by “matching’ithage of the object 100 or the
simplified image 410 of an object 100 to a simptifimage 210 of a 3D model 200.
[00111] Method 800 can include one or more of the stepaaihod 600, as
discussed above. For example, method 800 cardiethe step 610 of determining
guide image data of an object 100 from a determarehtation. Guide image data
can include a guide image pixel array 250 and algixoperty 252 for at least one
guide image pixel 251 in the guide image pixelya@8a0. As earlier explained, the
guide image pixels 251 and the pixel properties @32be created from a 3D model
200 of an object 100.
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[00112] Method 800 can include the step 620 of receivindetermining
inspection image data indicative of an inspectiaage 400. The inspection image
data can include an inspection image 400 of theadldj00, a simplified image 410 of
an object 100, an estimated orientation of thealdj60, an inspection image pixel
array 450, or a combination thereof.

[00113] Method 800 can include the step 630 of associdtiagnspection image
data with the guide image data. As explained etlage various ways of associating
guide image pixels 251 of a simplified image 21@&D model 200 with an image of
an object 100 or a simplified image 410 of an ab]€0.

[00114] Method 800 can include the step 640 of determiaipgoperty of the
object 100 based on the guide image data and foeiated inspection image data.
As explained, once guide image pixels 251 of a Bfieg image 210 of a 3D model
200 are associated with an image of an object 1@0somplified image 410 of an
object 100, the pixel properties 252 of each ofghiele image pixels 251 can also be
associated with the image of the object 100 ostimplified image 410 of an object
100. For example, the pixel properties 252 of ez#fdhe guide image pixels 251 in a
guide image pixel array can be associated withreesponding inspection image
pixel 451 in an inspection image pixel array 450.

[00115] Method 800 can include a step 810 of receivingea igput associated
with a continuous segment of inspection image pidéll in the inspection image
pixel array 450 (a designation). As explainedsericould designate one or more
inspection image pixels 451 with a peripheral devic

[00116] Method 800 can include a step 820 of determinipgogerty of the object
100 based on the pixel properties 252 associatédtiae continuous segment of
inspection image pixels 451 in the inspection impigel array 450. As explained in
reference to step 640, one or more propertieseodbkiject 100 can be determined
based on guide image data and the associated fispeoage data for each
inspection image pixel 451 in an inspection imagelparray 450. As such, one or
more properties of the object 100 can be determiaseéd on the one or more
inspection image pixels 451 designated by the user.

[00117] The one or more properties of the object 100 caanyenformation that
relates to the continuous segment of inspectioy@axels 451. For example, the
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one or more properties could be a dimension, anlist, a location, a feature, a color,
a surface inclination, a categorization, a quaétgriticality, etc. When the property
is a distance, the distance can be a Euclidian@eadesic distance. When the
property is a distance or a dimension, the measemgroalculation, or estimation can
account for the topology of the object. The proypean be a numerical value, a text
value, a binary value, a quantitative value, aitatate value, a categorical value, a
symbolic value, or a combination thereof, to nanfievaexamples. Other
calculations, estimations, or measurements canbalsoproperty of the object.
[00118] In at least one example, a user could designat@t@ncous segment 710
of inspection image pixels 451 that representatufe of the object. The feature of
the object 100 can be any portion of the objectth@®is of interest to the user. For
example, the feature could be a cooling hole locafor a gas turbine engine blade.
In other examples, the feature could be damagdeetolject 100 that may be visible
to the user in the inspection image 400. More d$ipatly, the feature could be a crack
on the object, a chip on the object, or a spallimgtion of a coating on the object.
[00119] In at least one example, the user can “trace” ekapa an inspection
image 400 of an object 100, such as an inspeatiagé 400 of a gas turbine engine,
with a line 720. The inspection image pixels 454t the line traverses through can
be designated. Therefore, various informationdettd regarding the crack can be
determined. For example, a length of the crackib@adetermined. Referring briefly
to the examples provided in FIG. 4 through FIGa et of distances 263 can be
determined. The distance 263 can be the dista#i@dér@m a guide image pixel 251
to its adjacent guide image pixels 253. Thesadws 263 can be associated with
inspection image pixels 451. In order to deternainength of a crack, the distances
263 between a designated pixel and an adjacergragsd pixel is determined, for
each of the designated pixels in a continuous segmkhe distances 263 between
each of the designated pixels and the adjacengmiteid pixel is then summed to
determine a total length of the crack.

[00120] In at least one example, the user can select arr@gi an inspection image
400 of an object 100, such as an inspection im@@eofla gas turbine engine rotor
blade, with a line 720 to designate a closed segi#Hi of inspection image pixels
451. Therefore, various information and data reigarthe region can be determined.
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For example, the total area of the region can berehéned. Referring briefly to the
example provided in FIG. 3B, a pixel property 252 @uide image pixel 251 can be
the area of the guide image pixel 251. The guitkge pixel property 252 can be
associated with an inspection image pixel 451. chsthe guide image pixel
property 252, such as an area of a pixel, can $ecaded with a designated pixel. To
determine the area of the designated closed segfi®hof inspection image pixels
451, the areas of each of the designated pixelsmtihe closed segment 710’ are
summed.

[00121] Method 800 can include providing an indication tasar corresponding to
the property of the object. For example, the priypef the object 100 based on the
guide image data and the associated inspectioneimai can be displayed to the
user through a peripheral device of a computingesyssuch as a computer monitor.
In another example, the property of the object i&€ed on the pixel properties 252
associated with the continuous segment of inspeati@ge pixels 451 in the
inspection image pixel array 450 can be displapethé user through a peripheral
device of a computing system, such as a computeitatoAs another example, an
indication as to whether the property of the obgateeds a threshold value can be
displayed to the user through a peripheral devi¢dkeocomputing system. For
example, a first property of the object may belémgth of a designation, which can
correspond to a length of a crack on the objecse¢ond property of the object may
be a threshold value for the length of the crackhenobject. If the length of the
crack exceeds the threshold value, an indicatianttte length of the crack exceeds
the threshold value can be displayed to the u$¢he length of the crack does not
exceed the threshold value, an indication thatahgth of the crack is within an
acceptable tolerance can be displayed to the user.

[00122] In yet another example, a first property of theesbmay be the length of a
designation, which can correspond to a lengthafak on the object 100. A second
property of the object may be the location of tesignation, which can correspond to
a location of the crack on the object 100. A thgrdperty of the object 100 may be a
threshold value for a length of a crack on the ctbge the corresponding location. If
the length of the crack exceeds the threshold Valuthe corresponding location, an
indication that the length of the crack exceedslhineshold value can be displayed to
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the user. If the length of the crack does not eddbe threshold value, an indication
that the length of the crack is within an accemdblerance can be displayed to the
user. In this way, one or more properties of thieat 100, such as the location and
the length of a designation, can be compared aganugher property, such as the
threshold value for the length of the crack atltioation of the designation. The
results of the comparison can be displayed to slee.u

[00123] In yet another example, a first property of theeabfLO0 may be a first

size of a feature on an object 100, such as a caacka second property of the object
100 may be a second size of the feature on thewh(®. The first size of the feature
on the object 100 can be compared to the secoa&ihe feature on the object 100
to determine a growth of the feature on the oldpased on the first size of the feature
on the object 100 and the second size of the featuithe object 100. The growth of
the feature on the object 100 can be comparedhreahold value. An indication can
be displayed as to whether the growth of the feabumrthe object 100 exceeds a
threshold value.

[00124] In addition to providing an indication to a userresponding to the
property of the object, other information, suchageediction as to when the property
of the object 100 will exceed a threshold valueldde displayed to the user.

[00125] Some properties of the object, such as a threstadlae, may be stored in
locations other than in the properties map. FamgXe, one or more properties of the
object can be stored in a memory device of a comguslystem.

[00126] Method 800 can include initiating a maintenancéaadf the object 100

in response to determining the property of the @l}€0. For example, if the
property of the object 100, such as a size of ek¢rehip, or spalling location, exceeds
a threshold value, a maintenance action of thecbijg0 can be initiated. Other
factors may be considered to determine whethanitiate a maintenance action of the
object 100 in response to determining the propefrtiie object 100. For example,
when the object 100 is a rotor blade for a gagerbngine, the length of time
between the next scheduled repair or overhaul essanbe considered. If it is
projected that the property of the object 100, sasch length of a crack, may grow to
exceed a threshold value before the next schedepesdr or overhaul event, a
maintenance action of the object 100 may be iedatA “maintenance action” can

31



be an inspection of the object 100 that can bedcidbd based on operational
parameters of the object 100. For example, whemlfect 100 is a component for a
gas turbine engine, the inspection can be basedtimust limit, temperature limit,
time limit, cycles limit, etc. In some examplesnaintenance action” can be an
operational limitation placed on the component. &ample, when the object 100 is
a component for a gas turbine engine, the obje@ichd be derated such that the
thrust rating of the object is reduced, which aadfuce the thrust power rating for
takeoff and/or climb of the aircraft that the gabtne engine is installed on. A
“maintenance action” can also be a material orgeaiction (procuring replacement
components), an overhaul scheduling action, a ptatige maintenance action, or a
repair action.

[00127] Referring to FIG. 19, a method 900 for storing @spiection package of an
object 100 is provided in accordance with an exanyptmbodiment of the present
disclosure. Method 900 can be similar to metho@l &@d can include methods 300,
500, 600. In this example, however, method 90udes a step 830 of storing a first
inspection package that includes the inspectiom@®0 of the object 100 and the
user input associated with a continuous segmenb¥itdpection image pixels 451 in
the inspection image pixel array 450 (the desigmati The first inspection package
may also include the one or more pixel propert&2 dr at least one guide image
pixel 251 in the guide image pixel array 250 ugimg first algorithm (the properties
map), and/or the transform data, and/or the detexthorientation. The first
inspection package can be stored on a computirigrays

[00128] One of the benefits of storing the inspection pgekia that the step 820 of
determining a property of the object 100 basederpixel properties associated with
the continuous segment 710 of inspection imagelpi&l in the inspection image
pixel array 450 can be redetermined using a seatgutithm, a second properties
map, or a second designation. For example, algngtmay change over time, which
may also change the properties map, and methodefignations may change over
time, which may also change a property of the dl60. An algorithm or method for
designation may change because of an optimizatiam anprovement to the
algorithm or method for designation. Thereforenéy be useful to redetermine past
properties of the object 100 based on the neweonskalgorithm, the newer, second
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properties map, or the newer, second method faguelggon. This may ensure an
apples-to-apples comparison (comparing using thmeesdgorithm, properties map, or
designation) of an object 100, a property of thedll00, or a feature of an object
100 over time, which will be explained in more dle®ven if the algorithm for
determining the properties map changes or if théhatefor designation changes.
[00129] In at least one example, in lieu of, or in additionstoring the inspection
package of the object 100, other inspection datébeastored. For example,
inspection data can include the designation, thimeted orientation of the object
100, or the property of the object 100 based ordéségnation.

[00130] Referring to FIG. 20, a method 1000 for comparirigst property of an
object 100 with a second property of the object BQ@rovided in accordance with an
exemplary embodiment of the present disclosurethite1000 can include a step
1010 of recalling a first inspection package thatudes a first inspection image 400
of the object 100 and a first designation. Thd firspection image 400 package may
also include a first properties map of the objéd.1As mentioned in reference to
FIG. 19 and method 900, the first inspection paekaan be stored on a computing
system. Therefore, the first inspection packagelater be retrieved from the
computing system. Method 1000 can include a sPdp Df receiving, recalling, or
both, one or more properties maps of the object Hiép 1015 may include
receiving or recalling a first properties map aedeiving or recalling a second
properties map.

[00131] Method 1000 can include a step 1020 of receivirtg taicative of a
second inspection package that includes a secaepéction image 400 of the object
100 and a second designation. As mentioned inaeée to step 510 of method 500,
an inspection image 400 of an object 100 can bairdd. As mentioned in reference
to step 810 of method 800, a user input associaitida continuous segment 710 of
inspection image pixels 451 in the inspection impigel array 450 (a designation)
can be received.

[00132] Step 1020 may also include displaying the firsiglestion from the first
inspection package to the user. The first designahay be overlaid on the second

inspection image of the second inspection pack&aypeerlaying the first designation
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on the second inspection image may provide a audegor indication for the user,
which may assist the user with the inspection.

[00133] Method 1000 can include a step 1030 of determiaifigst property of the
object 100 based on the first inspection imageaf@e object, the one or more
properties maps of the object, and the first degign. As mentioned in reference to
step 820 of method 800, a property of the objebtddh be determined based on
guide image data, which includes a properties nnaptlae designation. Method 1000
can include a step 1040 of determining a seconplgoty of the object 100 based on
the second inspection image 400 of the objectotieeor more properties maps of the
object, and the second designation. As briefly meed, algorithms for determining
the properties map may change over time. As stioigy be beneficial for the first
property of the object 100 and the second propsrtige object 100 to be both
determined based on the same properties map. Hwowewther examples, it may be
beneficial for the first property of the object 180d the second property of the object
100 to be based on different properties maps.

[00134] Method 1000 can include a step 1050 of compariaditkt property with
the second property. Comparing the first propetitit the second property may
include determining a difference between a feabmréhe object 100. For example,
comparing the first property with the second propsaray include determining a
growth of the feature on the object 100. As memdd the feature could be damage
to the object 100 that may be visible to the uséhé inspection image 400. In some
examples, the feature could be a crack on the ob@x; a chip on the object 100, or a
spalling location of a coating on the object 1@& such, comparing the first property
with the second property may include determiniggawth or change of the crack,
chip, or spalling of the coating.

[00135] In some examples, the first inspection image 40hee a first capture
date, and the second inspection image 400 defisesand capture date. The second
capture date may be after the first capture dateekample, the second capture date
may be at least one month later than the firstwwapdate, such as at least six months
later, such as at least one year later, suchlaasitthree years later, and up to twenty
years later than the first capture date, such as (ifieen years later, such as up to
ten years later, such as up to five years lateat least one example, the first

34



inspection image 400 defines a first use-relatettimjesuch as number of hours or
number of cycles, and the second inspection im@@edéfines a second use-related
metric. The second use-related metric may be grélan the first use-related metric.
For example, the second use-related metric may least ten cycles greater than the
first use-related metric, such as at least tweptyes greater, such as at least fifty
cycles greater, such as at least one-hundred cgdeser, such as at least one-
thousand cycles greater, and up to one-thousandscgoeater, such as up to five-
hundred cycles greater, such as up to one-hungaescgreater.

[00136] In some examples, it may be beneficial to deterrtiieegrowth or change
of a crack, chip, or spalling of a coating periadliz. For example, when the object
100 is a rotor blade for a gas turbine engine ay ime beneficial to compare a
property, such as a length of a crack on the tote, when the engine that the rotor
blade is installed on is scheduled for maintenama inspection.

[00137] In some examples, determining the first propertthefobject 100
comprises determining the first property of theeabjL00 proximate to the second
capture date. For example, the first propertynefdbject 100 may be determined on
a date, a “determination date”, that is closehwgecond capture date than the first
capture date. As mentioned, it may be beneficiaétetermine a property of the
object 100 based on a newer algorithm so that plesjto-apples comparison can be
made, when an older algorithm was previously usatktermine the property of the
object. Therefore, the first property of the obje@0 may have a determination date
that is closer to the second capture date thafirfieapture date.

[00138] Referring to FIG. 21, a block diagram of a compgitsystem 2000 that
can be used to implement methods and systems pfdisent disclosure is provided
in accordance with an exemplary embodiment of teegnt disclosure. Computing
system 2000 may be used to implement an inspesyistem 3000 (FIG. 22), as will
be described herein. It will be appreciated, howeat computing system 2000 is
one example of a suitable computing system for @mgnting the inspection system
and other computing elements described herein.

[00139] As shown, the computing system 2000 can includeoomeore computing
devices 2005. The one or more computing devic@s 2an include one or more
processors 2015 and one or more memory devices 200 one or more processors
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2015 can include any suitable processing deviad) ag a microprocessor,
microcontroller, integrated circuit, logic deviag, other suitable processing device.
The one or more memory devices 2020 can includeoongre computer-readable
media, including, but not limited to, non-transt@omputer-readable media, RAM,
ROM, hard drives, flash drives, or other memoryides. The one or more memory
devices 2020 can include remote storage or intetoetge, such as cloud storage.
[00140] The one or more memory devices 2020 can storenv#ton accessible by
the one or more processors 2015, including comgetatable instructions 2025 that
can be executed by the one or more processors ZlH&bcomputer-readable
instructions 2025 can be any set of instructioas When executed by the one or more
processors 2015, cause the one or more procesB4@ perform operations. The
computer-readable instructions 2025 can be softwateen in any suitable
programming language or can be implemented in harelwin some embodiments,
the computer-readable instructions 2025 can beuteedy the one or more
processors 2015 to cause the one or more proceZ¥bso perform operations, such
as the operations for controlling an inspectiortesys and/or any other operations or
functions of the one or more computing devices 2005

[00141] The memory devices 2020 can further store data B@8&@an be accessed
by the processors 2015. For example, the data @&3@hclude pixel properties 252,
guide image pixel array 250, transform data, e described herein. The data 2030
can include one or more tables, such as tablef@f6tions, algorithms, such as
algorithm 259, images, such as simplified image® &id 410, equations, etc.
according to example embodiments of the presentadisre.

[00142] The one or more computing devices 2005 can aldodea
communication interface 2040 used to communicategXample, with the other
components of the system. The communication interf040 can include any
suitable components for interfacing with one or enoetworks, including for
example, transmitters, receivers, ports, contr®llantennas, or other suitable
components.

[00143] The technology discussed herein makes referencenputer-based
systems and actions taken by and information seand from computer-based
systems. One of ordinary skill in the art will ogmize that the inherent flexibility of
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computer-based systems allows for a great varigbpssible configurations,
combinations, and divisions of tasks and functidypdletween and among
components. For instance, methods and processassded herein can be
implemented using a single computing device or iplelicomputing devices working
in combination. Databases, memory, instructiond,applications can be
implemented on a single system or distributed a&cnogltiple systems. Distributed
components can operate sequentially or in parallel.

[00144] Referring to FIG. 22, a block diagram of an inspetsystem 3000 is
provided in accordance with an exemplary embodiroétite present disclosure. The
inspection system 3000 can include one or more atingpdevices 2005, one or
more peripheral devices 3010, and one or more Misizge recording devices 3020.
As mentioned, a peripheral device 3010 can be mel¢vat a user could use to
designate one or more inspection image pixels 4%h anspection image 400. The
peripheral device 3010 could be a touch screetylassa mouse, a rollerball, etc.
Also, as mentioned, a peripheral device 3010 may thevice that can display an
image to a user. For example, the peripheral d80d® may be a computer monitor
and may be a touch screen monitor.

[00145] As mentioned, a visual image recording device 3029 be a camera,
such as a borescope camera or an endoscope cdimenasual image recording
device 3020 may be a monocular camera or a binocataera. The use of a
monocular camera may be beneficial to reduce @stomplexity, and increase
reliability and accuracy, as compared to a binaotdanera. Also, even though not
depicted, the visual image recording device 3029 b@aa component of an
inspection tool assembly. The inspection tool s can assist the operator with
taking photographs at a desired orientation.

[00146] Even though the disclosure has periodically retetoea gas turbine
engine, it should be understood that the methoslsritbed can be used to inspect
objects on other devices such as wind turbinesnaeibiles, hydrogen engines, steam
engines, etc.

[00147] This written description uses examples to disctbeegpresent disclosure,
including the best mode, and also to enable ansopeskilled in the art to practice the
disclosure, including making and using any devmesystems and performing any
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incorporated methods. The patentable scope aiffodosure is defined by the
claims, and may include other examples that ocrtindse skilled in the art. Such
other examples are intended to be within the sobplee claims if they include
structural elements that do not differ from therkl language of the claims, or if they
include equivalent structural elements with insabgal differences from the literal
languages of the claims.

[00148] Further aspects are provided by the subject mattire following clauses:
[00149] 1. A method for inspecting an object, the methoshasing determining

a first inspection package that includes a firspaction image of the object and a
first designation, determining data indicative &fegond inspection package that
includes a second inspection image of the objetteasecond designation, receiving,
recalling, or both, one or more properties maphefobject, determining a first
property of the object based on the first inspeciimage of the object, the one or
more properties maps of the object, and the fesighation, determining a second
property of the object based on the second ingpeatiage of the object, the one or
more properties maps of the object, and the sedesigination, and displaying the
first property and the second property or displgydata indicative of a comparison of
the first property with the second property.

[00150] 2. The method of any preceding clause, whereinviecg recalling, or

both one or more properties maps of the object cs@preceiving or recalling a first
properties map, and receiving or recalling a seqyogerties map, wherein
determining the first property of the object corsps determining the first property of
the object based on the first inspection imagdefabject, the first properties map of
the object, and the first designation, and whedeitermining the second property of
the object comprises determining the second prppéithe object based on the
second inspection image of the object, the secomgepties map of the object, and
the second designation.

[00151] 3. The method of any preceding clause, whereinviecg recalling, or

both one or more properties maps of the object cepreceiving or recalling a
second properties map, wherein determining thegneperty of the object comprises
determining the first property of the object basadhe first inspection image of the
object, the second properties map of the object tlaa first designation, and wherein
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determining the second property of the object caseprdetermining the second
property of the object based on the second ingpeatiage of the object, the second
properties map of the object, and the second dasan

[00152] 4. The method of any preceding clause, whereitfitsteanspection image
defines a first capture date, wherein the secosgeiction image defines a second
capture date, wherein determining the first propeftthe object comprises
determining the first property of the object proaie to the second capture date.
[00153] 5. The method of any preceding clause, whereitfitsteanspection image
defines a first capture date, wherein the secoseiction image defines a second
capture date, and wherein the second capture slafter the first capture date.
[00154] 6. The method of any preceding clause, whereisdieend capture date is
at least six months later than the first captute dad up to 15 years later than the
first capture date.

[00155] 7. The method of any preceding clause, whereiraéténg the first
property of the object comprises determining thet fproperty of the object proximate
to the second capture date.

[00156] 8. The method of any preceding clause, whereifitsteproperty is
indicative of a feature on the object, whereingbeond property is also indicative of
the feature on the object, and wherein displayiaig thdicative of a comparison of
the first property with the second property comgsidisplaying data indicative of a
growth of the feature on the object.

[00157] 9. The method of any preceding clause, whereirficiiire is a crack.
[00158] 10. The method of any preceding clause, whereiffitftedesignation is a
first continuous segment of inspection image pixelan inspection image pixel
array, the second designation is a second contmsegment of inspection image
pixels in the inspection image pixel array, whem@minspection image pixel in the
first continuous segment of inspection image pixeliso in the second continuous
segment of inspection image pixels.

[00159] 11. The method of any preceding clause, compridisiglaying data
indicative of a comparison of the first propertyttwihe second property, the first
property being a first size of a feature on theeobjand the second property being a
second size of the feature on the object, whergplal/ing data indicative of a
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comparison of the first property with the seconadperty includes determining a
growth of the feature on the object based on tis¢ dize of the feature on the object
and the second size of the feature on the objedtcamparing the growth of the
feature on the object to a threshold value.

[00160] 12. The method of any preceding clause, compridisiglaying an
indication if the growth of the feature on the altjexceeds the threshold value.
[00161] 13. The method of any preceding clause, comprisitigting a
maintenance action of the object if the growthhaf teature on the object exceeds the
threshold value

[00162] 14. An inspection system comprising a computingesysconfigured to
determine a first inspection package that incluaésst inspection image of the

object and a first designation, determine datecattire of a second inspection
package that includes a second inspection imateaibject and a second
designation, receive, recall, or both, one or npvoperties maps of the object,
determine a first property of the object basedhanfirst inspection image of the
object, the one or more properties maps of thecobgad the first designation,
determine a second property of the object basdtie@second inspection image of the
object, the one or more properties maps of thecobgmd the second designation, and
display the first property and the second propertyompare the first property with
the second property.

[00163] 15. The inspection system of any preceding clanberein the computing
system is configured to receive or recall a firgigerties map, and receive or recall a
second properties map, determine the first propertizge object based on the first
inspection image of the object, the first propertigap of the object, and the first
designation, and determine the second propertiyeobbject based on the second
inspection image of the object, the second progertiap of the object, and the
second designation.

[00164] 16. The inspection system of any preceding clankerein the computing
system is configured to receive or recall a seqoogerties map, determine the first
property of the object based on the first inspectimage of the object, the second

properties map of the object, and the first dedignaand determine the second
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property of the object based on the second inspeatiage of the object, the second
properties map of the object, and the second datan

[00165] 17. The inspection system of any preceding clankerein the first
inspection image defines a first capture date, eihdhe second inspection image
defines a second capture date, wherein the congpsystem is configured to
determine the first property of the object proxienttt the second capture date.
[00166] 18. The inspection system of any preceding clankerein the first
inspection image defines a first capture date, eihdhe second inspection image
defines a second capture date, and wherein thedeapture date is after the first
capture date.

[00167] 19. The inspection system of any preceding clankerein the first
property is indicative of a feature on the obj&dtierein the second property is also
indicative of the feature on the object, and whretbe computing system is
configured to determine a growth of the featurehanobject by comparing the first
property with the second property.

[00168] 20. The inspection system of any preceding clankerein the first
designation is a first continuous segment of inspeémage pixels in an inspection
image pixel array, the second designation is argkcontinuous segment of
inspection image pixels in the inspection imagespatray, wherein an inspection
image pixel in the first continuous segment of exgtpn image pixels is also in the

second continuous segment of inspection image ixel
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WE CLAIM:

1. A method for inspecting an object, the methaahgosing:

determining a first inspection package that inekid first inspection image of
the object and a first designation;

determining data indicative of a second inspeqgbiackage that includes a
second inspection image of the object and a sedesignation;

receiving, recalling, or both, one or more projgsrtmaps of the object;

determining a first property of the object basadtlee first inspection image of
the object, the one or more properties maps obliject, and the first designation;

determining a second property of the object basetthe second inspection
image of the object, the one or more propertiessnodphe object, and the second
designation; and

displaying the first property and the second prgyper displaying data
indicative of a comparison of the first propertyttwihe second property.
2. The method of claim 1, wherein receiving, rengllor both one or more
properties maps of the object comprises:

receiving or recalling a first properties map; and

receiving or recalling a second properties map;

wherein determining the first property of the objeamprises determining the
first property of the object based on the firspestion image of the object, the first
properties map of the object, and the first dedignaand

wherein determining the second property of thedljemprises determining
the second property of the object based on thenseospection image of the object,
the second properties map of the object, and thenskedesignation.
3. The method of claim 1, wherein receiving, rengllor both one or more
properties maps of the object comprises:

receiving or recalling a second properties map;

wherein determining the first property of the objeamprises determining the
first property of the object based on the firspection image of the object, the
second properties map of the object, and thed&signation; and
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wherein determining the second property of theahjemprises determining
the second property of the object based on thenseiogpection image of the object,
the second properties map of the object, and thensledesignation.
4. The method of claim 3, wherein the first insptimage defines a first
capture date, wherein the second inspection imeafiees a second capture date,
wherein determining the first property of the objeamprises determining the first
property of the object proximate to the secondwapdate.
5. The method of claim 1, wherein the first insptimage defines a first
capture date, wherein the second inspection imafijee$ a second capture date, and
wherein the second capture date is after thedature date.
6. The method of claim 5, wherein the second cepdate is at least six months
later than the first capture date and up to 15s/kder than the first capture date.
7. The method of claim 5, wherein determining ting property of the object
comprises determining the first property of theegbproximate to the second capture
date.
8. The method of claim 1, wherein the first propestindicative of a feature on
the object, wherein the second property is alsaive of the feature on the object,
and wherein displaying data indicative of a comgaariof the first property with the
second property comprises displaying data indieadiva growth of the feature on the
object.
9. The method of claim 8, wherein the feature ¢sazk.
10.  The method of claim 1, wherein the first deatgm is a first continuous
segment of inspection image pixels in an inspeatimage pixel array, the second
designation is a second continuous segment of aispeimage pixels in the
inspection image pixel array, wherein an inspecimage pixel in the first continuous
segment of inspection image pixels is also in #wsed continuous segment of
inspection image pixels.
11. The method of claim 1, comprising:

displaying data indicative of a comparison of fing property with the second
property, the first property being a first sizeadieature on the object, and the second
property being a second size of the feature owliect, wherein displaying data
indicative of a comparison of the first propertyttwihe second property includes
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determining a growth of the feature on the objesda on the first size of the feature
on the object and the second size of the featuteeobject; and

comparing the growth of the feature on the objee threshold value.
12. The method of claim 11, comprising displayingradication if the growth of
the feature on the object exceeds the thresholceyval
13.  The method of claim 11, comprising initiatinghaintenance action of the
object if the growth of the feature on the objeateeds the threshold value
14. An inspection system comprising:

a computing system configured to:
determine a first inspection package that includésst inspection
image of the object and a first designation;
determine data indicative of a second inspectamkage that includes
a second inspection image of the object and a sedesignation;
receive, recall, or both, one or more propertiepsnof the object;
determine a first property of the object basedhenfirst inspection
image of the object, the one or more propertiessnwdphe object, and the
first designation;
determine a second property of the object base¢tlesecond
inspection image of the object, the one or mor@@riies maps of the object,
and the second designation; and
display the first property and the second propertgompare the first
property with the second property.
15. The inspection system of claim 14, whereinabwputing system is
configured to:
receive or recall a first properties map; and
receive or recall a second properties map;
determine the first property of the object basedhanfirst inspection image of
the object, the first properties map of the objent] the first designation; and
determine the second property of the object basgti@second inspection
image of the object, the second properties mapeabbject, and the second
designation.
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16.  The inspection system of claim 14, whereindbmputing system is
configured to:

receive or recall a second properties map;

determine the first property of the object basedhanfirst inspection image of
the object, the second properties map of the glgect the first designation; and

determine the second property of the object basgti@second inspection
image of the object, the second properties mapeabbject, and the second
designation.
17.  The inspection system of claim 16, whereinfitts¢ inspection image defines
a first capture date, wherein the second inspeatiaige defines a second capture
date, wherein the computing system is configuredietermine the first property of
the object proximate to the second capture date.
18.  The inspection system of claim 14, whereinfitts¢ inspection image defines
a first capture date, wherein the second inspeatiaige defines a second capture
date, and wherein the second capture date isthédirst capture date.
19. The inspection system of claim 14, whereinfits¢ property is indicative of a
feature on the object, wherein the second propegiiso indicative of the feature on
the object, and wherein the computing system isigored to determine a growth of
the feature on the object by comparing the firspprty with the second property.
20. The inspection system of claim 14, whereinfifs¢ designation is a first
continuous segment of inspection image pixels imapection image pixel array, the
second designation is a second continuous segrhergpection image pixels in the
inspection image pixel array, wherein an inspectmage pixel in the first continuous
segment of inspection image pixels is also in #wed continuous segment of

inspection image pixels.
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